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Abstract
© 2018 American Physical Society. We consider collision of particles in a wormhole near its
throat. Particles come from the opposite mouths. If the lapse function is small enough there, the
energy E of debris at infinity grows unbounded, so we are faced with the so-called super-




[1] M. Bañados, J. Silk, and S. M. West, Kerr Black Holes as Particle Accelerators to Arbitrarily High Energy, Phys.
Rev. Lett. 103, 111102 (2009). PRLTAO 0031-9007 10.1103/PhysRevLett.103.111102
[2] M. Bejger, T. Piran, M. Abramowicz, and F. Håkanson, Collisional Penrose Process Near the Horizon of Extreme
Kerr Black Holes, Phys. Rev. Lett. 109, 121101 (2012). PRLTAO 0031-9007 10.1103/PhysRevLett.109.121101
[3] T. Harada, H. Nemoto, and U. Miyamoto, Upper limits of particle emission from high-energy collision and
reaction near a maximally rotating Kerr black hole, Phys. Rev. D 86, 024027 (2012) PRVDAQ 1550-7998
10.1103/PhysRevD.86.024027
[4] T. Harada, H. Nemoto, and U. Miyamoto Erratum, Phys. Rev. D 86, 069902(E) (2012). PRVDAQ 1550-7998
10.1103/PhysRevD.86.069902
[5] O. Zaslavskii, On energetics of particle collisions near black holes: BSW effect versus Penrose process, Phys.
Rev. D 86, 084030 (2012). PRVDAQ 1550-7998 10.1103/PhysRevD.86.084030
[6] O. B. Zaslavskii, Is the super-Penrose process possible near black holes?, Phys. Rev. D 93, 024056 (2016).
PRVDAQ 2470-0010 10.1103/PhysRevD.93.024056
[7] N. Tsukamoto and C. Bambi, High energy collision of two particles in wormhole spacetimes, Phys. Rev. D 91,
084013 (2015). PRVDAQ 1550-7998 10.1103/PhysRevD.91.084013
[8] E.  Teo,  Rotating  traversable  wormholes,  Phys.  Rev.  D  58,  024014  (1998).  PRVDAQ  0556-2821
10.1103/PhysRevD.58.024014
[9] N. Tsukamoto and C. Bambi, Collisional Penrose process in rotating wormhole spacetime, Phys. Rev. D 91,
104040 (2015). PRVDAQ 1550-7998 10.1103/PhysRevD.91.104040
[10] O. B. Zaslavskii, Rotation as an origin of high energy particle collisions, Mod. Phys. Lett. A 31, 1650029 (2016).
MPLAEQ 0217-7323 10.1142/S0217732316500292
[11] O. B. Zaslavskii, Rapidly rotating spacetimes and collisional super-Penrose process, Gen. Relativ. Gravit. 48, 67
(2016). GRGVA8 0001-7701 10.1007/s10714-016-2063-0
[12] S. Krasnikov, Schwarzschild-like wormholes as accelerators, arXiv:1807.00890.
[13] A. Grib and Yu. V. Pavlov, Are black holes totally black?, Gravitation Cosmol. 21, 13 (2015). GRCOF6 0202-2893
10.1134/S0202289315010065
[14] R. Penrose, Gravitational collapse: The role of general relativity, Riv. Nuovo Cimento, Numero Speziale I, 257
(1969).
[15] O. B. Zaslavskii, Ultrahigh energy head-on collisions without horizons or naked singularities: General approach,
Phys. Rev. D 88, 044030 (2013). PRVDAQ 1550-7998 10.1103/PhysRevD.88.044030
[16] M. Patil, T. Harada, K. Nakao, P. S. Joshi, and M. Kimura, Infinite efficiency of collisional Penrose process: Can
over-spinning Kerr geometry be the source of ultra-high-energy cosmic rays and neutrinos?, Phys. Rev. D 93,
104015 (2016). PRVDAQ 2470-0010 10.1103/PhysRevD.93.104015
[17] I. V. Tanatarov and O. B. Zaslavskii, Collisional super-Penrose process and Wald inequalities, Gen. Relativ.
Gravit. 49, 119 (2017). GRGVA8 0001-7701 10.1007/s10714-017-2281-0
[18] R.  Wald,  Energy  limits  on  the  Pentose  process,  Astrophys.  J.  191,  231  (1974).  ASJOAB  1538-4357
10.1086/152959
[19] S. V. Sushkov and O. B. Zaslavskii, Horizon closeness bounds for static black hole mimickers, Phys. Rev. D 79,
067502 (2009). PRVDAQ 1550-7998 10.1103/PhysRevD.79.067502
